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INTRODUCTION
Cryotherapy has been commonly used to reduce skin (1) and muscle (2) temperature, to control secondary lesion due to hypoxia and edema (3) and for pain relief. (4, 5) The cryotherapy protocols, which include application of ice and immersion in iced water, are used by coaches and physiotherapists, despite the lack of conclusive studies on the potential risks that the athletes and/or patients may face after its use. (6) The effect of cryotherapy on proprioception, which is a component of the somatosensory system, is still poorly understood. (7) Proprioceptive acuity is defined as the ability of an individual to determine the joint position sense, motion and strength of the limbs. (8) Consequently, the proprioceptive acuity is an essential component for injury prevention and rehabilitation, but is often ignored, with serious consequences, because the proprioceptive deficit can be responsible for many acute joint lesions. (9, 10) Proprioception is the result of afferent generated from integration of neural impulses that originate from various mechanoreceptors to the central nervous system (CNS). These receptors are located in joint capsules, ligaments, muscles, tendons and skin and are sensitive to stimuli, such as pain, pressure, touch and movement. Therefore, their role is critical to the performance of the individual in sport and daily activities. (11, 12) A number of techniques used in examining proprioceptive acuity have been described in the literature, among which is the joint position sense (JPS).
Assessment of the JPS of an individual determines, in particular, its ability to realize a target angle or position of the articulation , and may be conducted in an active or passive form and by positioning in an open kinetic chain (OKC) or closed kinetic chain (CKC). (12, 13) The ability to position a joint consciously, is a highly specialized proprioceptive function and is a measure of great clinical importance, which involves both the motion control and stability. (14) The proprioceptive information is also an important element in static and dynamic balance. This balance is defined as the capacity to maintain the center of gravity about its base of support, and depends on an adequate operation of postural control system. This complex system of feedback is based on the integration of visual afferents, vestibular and somatosensory systems, with the neuromuscular efferent. (15) It should reach the CNS accurately in order to promote good muscle control. (16) Therefore proprioception is a decisive element in the recovery of an individual after an injury. Beyond the proprioceptive trainings and balance, cryotherapy has been widely used in clinical practice, particularly in the treatment of acute injuries of soft tissues and various joints. (17, 18, 19) However, the temperature decrease causes reduction in nerve conduction velocity (NCV) (20) and the proprioception. (21) Thus, it can be assumed that this therapeutic modality, if applied before exercise, can result in an inappropriate peripheral feedback for both the JPS, as well as for the body balance, which can change the biomechanical properties of the joint, resulting in a greater lesion predisposition of the joint when the exercise is resumed. (18) Considering the above, this study aimed to analyze the immediate effects of cryotherapy application on balance and JPS of the knee in OKC and CKC exercises in healthy subjects.
METHODS
The present study is a randomized, single-blinded clinical trial. (22) , integrity of the knee joint of the dominant lower limb, absence of musculoskeletal injury history of the lower limbs in the last six months, no history of lower limb surgery , no neurological deficits, no uncorrected visual and/or hearing deficits, and no allergy to cold. Volunteers who reported pain during the procedures for data collection or those that fail to implement the assessment procedures in the correct manner were excluded from the study.
Participants were recruited among students from a local university, who were informed about the study objectives and gave their informed consent in accordance with the resolution 466/12 of the Brazilian National Health Council and the declaration of Helsinki for research involving human beings.
Procedures
An initial assessment was performed evaluating one-footed static balance by means of computerized baropodometry, and the JPS of the knee in OKC and CKC.
After this assessment, the volunteers were randomly distributed, using an online tool (www.randomization.com), into two groups with 15 participants each. The groups were color-coded by the second researcher, and the color corresponding to each group was revealed only after completion of the statistical analysis. The control group (7 men and 8 women), who went through the initial assessment, 7 rested for 20 minutes, by lying in a supine position with knees extended, to carry out thereafter the final evaluation.
The volunteers in the experimental group (7 men and 8 women) were subjected to 20 minutes of cryotherapy. The ice was applied on the knee joint of the participants by means of two ice packs of about three kilograms each. The ice packs were properly positioned, one on the anterior region and the other on the popliteal region, fastened with the aid of a non-elastic tape for proper clamping.
Immediately after the intervention, the volunteers underwent a second assessment similar to the initial one, differing only in not repeating the training to determine JPS. The same procedure was applied to the control group.
Assessment of JPS
Procedure for assessment of the JPS began with fixing of the electrogoniometer (EMG System®, Brazil) on the dominant lower limb (DLL), which is done as follows: 1) The volunteer remained standing and the goniometer axis was positioned on the knee joint at the level of the lateral epicondyle of the femur.
Then, the fixed arm was positioned parallel to the femur toward the greater trochanter and the movable arm parallel to the fibula, toward the lateral malleolus.
The goniometer was fixed with bandages and two velcro straps.
Aiming to eliminate visual afferences, the participants were blindfolded to carry out JPS assessment. JPS was first assessed in OKC. The volunteers were asked to sit on a chair and remained with the hip and the knee flexed to 90º. They were then asked to fully extend the knee. From this position (approximately 180º), they were asked to flex it slowly up to the angle of 135º. After achieving this angulation, they were requested to remain in the position for 5 seconds and then were asked to relax the limb and remain at rest for 10 seconds. This training was performed three times and in the fourth maneuver, volunteers were asked to extend the lower limb tested to the angulation which was trained previously.
The assessment of the JPS at CKC was performed with the volunteers standing, blindfolded, in a one-footed support on the DLL and supported on the contralateral hand to avoid imbalance. The volunteers were requested to flex the knee until reaching an angle of 145º. The procedure was performed in the same manner, while maintaining the position for 5 seconds, and then remaining at rest for 10 seconds. In the fourth set, volunteers were asked to flex the knee until the trained amplitude.
The variable analyzed was the absolute error, given by the difference between the target-angle and the angle reached by the volunteer, in degrees, without considering directional tendencies of over or underestimation of targetangle.
Assessment of one-footed static balance
A 40cm x 40cm computerized baropodometer (Eclipse 3000, Guy-Capron ® SA, França), was used to collect one-footed static balance data. Subjects were standing on the platform of the baropodometer with support on the DLL and knee flexed at 20º, as measured by an electrogoniometer. Individuals were instructed to keep their head in the neutral position, staring at a fixed point, spine erect, with upper limbs supported on the hip. The non-dominant lower limb remained with the hip at 0º and knee flexed at 90º (figure 1). Data acquisition time was 10s, using a frequency of 20Hz. Subjects were assessed twice, with the best result considered for analysis (23) . A 1-min rest period was allowed between each test and the variables analyzed were displacement amplitude and displacement velocity of the pressure center in the antero-posterior (A/P) and latero-lateral (L/L) directions. 
Statistical Analysis
Statistical analysis was performed using SPSS 20.0 software. We first carried out Kolmogorov-Smirnov (K-S) test to verify data normality and we observed that all the variables presented normal distribution.
For inferential statistical analysis of variance, we used two-way ANOVA to check intra and inter-group differences before and after the interventions. In all the statistical analysis a significance level of 5% and a confidence interval of 95% (CI 95 %) were assigned.
RESULTS
In relation to the one-footed static balance, we observed no significant difference between the initial and final assessments for amplitude of displacement,
A/P and L/L velocity in the two groups studied ( As far as the JPS assessed in OKC, it can be observed in Table 2 that there was a significant difference from the experimental group, when the values of the initial assessment were compared with the final evaluation. However, in the control group there was no significant difference when the initial assessment was compared with the final. In relation to the JPS assessed in CKC, we observed no significant difference between the initial and final evaluations, in any of the groups studied (table 2) . No significant difference was also observed among the groups. 
DISCUSSION
The finding in our study, which indicates significant changes only in JPS in OKC after cryotherapy application is similar to those found by Oliveira et al (21) , Surenkok et al (24) and Uchio et al. (18) . They reported that the use of ice caused a reduction in NCV, delaying or even blocking the proprioception of articular capsule and the links to the higher centers of motor control. This reduction in the NCV is attributed to decrease in temperature that can alter the exchange of Ca
2+
, Na + and K + ions in neural cells, resulting in delay in the generation of action potential. (25) Proske et al. (26) state in their review that muscle contraction increases the proprioceptive acuity in relation to passive motion. In their study Surenkok et al (24) assessed JPS in OKC in a passive way, differing from the present study that evaluated the same through active movement of the examined limb. In both cases, cryotherapy led to reduction in the JPS when compared with the assessments made before cooling. Thus, we can reasonably argue that the participation of quadriceps muscle afference in active test was unable to supply the proprioception deficit generated by a reduction in local temperature and consequent lower NCV.
When compared with activities in OKC, some studies have demonstrated the superiority of activities in CKC in acuity of measures of JPS. (27) This superiority may be attributed to a greater proprioception caused by increased tissue deformation, joint reaction forces (compression) and increased muscle activation (cocontraction). In addition, there is the input from the other muscles and joints involved in the movement, instead of the OKC, where the afferent information comes only from an articulation and surrounding muscles. (27) Our study compared the changes that can occur to JPS in OKC and CKC after cryotherapy. The results showed that there were no changes in JPS assessed in CKC, even after application of cryotherapy on knee joint. This demonstrates that the proprioceptive afference from other joints (ankle and hip, for example) and muscles involved in the activity overlapped a possible reduction of joint proprioception of the knee, keeping the JPS unchanged.
The other proprioceptive aspect observed in this study was the one-footed static balance, where no significant alterations were observed in any of the groups assessed. These results differ from those of Surenkok et al (24) , who observed changes in balance after the application of cryotherapy. They attributed their results to the fact that the cryotherapy affects the sensory afference of peripheral receptors, thus altering the balance. In fact Miniello et al (28) found no changes in dynamic stability of ankle after immersion of the leg in iced water, even having observed changes in muscle activity of the peroneus longus and tibialis anterior.
We suggest that, being the balance assessment an activity in CKC, the proprioceptive deficit of receptors, possibly altered by reducing the temperature was compensated for by afferences from other joints, which are optimized for this type of kinetic chain. Therefore, we did not observe changes in the one-footed static balance after application of cryotherapy.
CONCLUSION
The results obtained in this study suggest that the application of cryotherapy alter the JPS assessed in OKC, but does not influence the one-footed static balance and the knee JPS evaluated in CKC. In this manner, it is suggested that the use of cryotherapy, preceding the proprioceptive training, a common practice in physiotherapy, is not contraindicated, since this type of training is usually performed with predominance of activities in closed kinetic chain.
Finally, it is important to emphasize that the results of this study should be limited to healthy subjects engaging in recreational physical activity. Therefore, it is suggested that further studies should be performed in individuals with previous proprioceptive deficits.
